Background: Rural populations are diagnosed with cancer at different rate and stages than nonrural populations, and race/ethnicity as well as the area-level income exacerbates the differences. The purpose of this analysis was to explore cancer screening rates across persistent poverty rural counties, with emphasis on nonwhite populations. Methods: The 2008 Behavioral Risk Factor Surveillance System was used, combined with data from the Area Resource File (analytic n = 309 937 unweighted, 196 344 347 weighted). Unadjusted analysis estimated screening rates for breast, cervical, and colorectal cancer. Multivariate analysis estimated the odds of screening, controlling for individual and county-level effects. Results: Rural residents, particularly those in persistent poverty counties, were less likely to be screened than urban residents. More African Americans in persistent poverty rural counties reported not having mammography screening (18.3%) compared to 15.9% of urban African Americans. Hispanics had low screening rates across all service types. Multivariate analysis continued to find disparities in screening rates, after controlling for individual and county-level factors. African Americans in persistent poverty rural counties were more likely to be screened for both breast cancer (odds ratio, 1.44; 95% confidence interval, 1.12-1.85) and cervical cancer (1.46; 1.07-1.99) when compared with urban whites. Conclusions: Disparities in cancer screening rates exist across not only race/ethnicity but also county type. These disparities cannot be fully explained by either individual or county-level effects. Programs have been successful in improving screening rates for African American women and should be expanded to target other vulnerable women as well as other services such as colorectal cancer screening.
Original Research
The delivery of preventive services has been shown to reduce morbidity and mortality due to cancer. [1] [2] [3] [4] [5] Thus, recommendations, based on strong scientific evidence and potential for public health benefit, exist for many cancer screenings, aimed toward reducing premature mortality due to cancer. 6 Unfortunately, rural populations are diagnosed with cancer at different rates than nonrural populations, [7] [8] [9] and recent downward trends in breast cancer incidence are not shared by rural residents. 10 This may be because of lower screening rates evident among rural residents. [11] [12] [13] [14] Provider availability is closely linked with a usual source of care, and subsequently, preventive service delivery [15] [16] [17] [18] [19] and is hampered by low health insurance coverage rates. [20] [21] [22] In addition, many rural counties lack adequate proportions of health care providers and are often classified as health professional shortage areas. 23 Individual income also plays a significant role in service delivery, particularly in rural areas. 24 For some rural residents, health care costs may be higher because of increased transportation needs 25 yet may remain lower overall compared to urban residents. [26] [27] [28] In addition, the poverty level of the area is associated with decreased screening rates, particularly in rural areas. 29 Poverty levels in some counties remain consistently high enough to earn a persistently poor category or designation. 30 Persistent poverty counties are more likely to lack basic necessities such as public services, quality food supplies, education, and health care services. 31 We hypothesized that rural residents in persistent poverty counties were even less likely to receive recommended cancer screenings than residents in other rural or urban counties, controlling for other factors related to service delivery.
Therefore, this analysis sought to investigate the impact of individual characteristics, area effects, and rurality on preventive service utilization.
Methods Population
Data were drawn from the 2008 Behavioral Risk Factor Surveillance System (BRFSS), conducted by the Centers for Disease Control and Prevention, which has been shown to be valid and reliable in its assessments of outcomes and behaviors. 32, 33 The analysis was delimited to adults with complete information for the factors of interest. Because preventive services are age and sex specific, the number of unweighted observations used varies (see Table 1 ).
The dependent variables of interest were the self-reported receipt of age-and gender-appropriate preventive services, using US Preventive Services Task Force (USPSTF) recommendations 10 : breast cancer screening (women aged 40-75), cervical cancer screening (women aged 18-75), and colorectal cancer screening (adults aged 50-75).
The main independent variable, county type, was derived as a combination of the US Department of Agriculture's definition of persistent poverty (20% of a county's population below the poverty level in 1960, 1970, 1980, and 1990) 34 and rurality derived from urban influence codes (urban [codes 1 and 2] or rural [codes [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ). 35 Urban influence codes were used to be consistent with other studies of health services use among rural residents. 36, 37 For this analysis, we categorized counties as urban (n = 1090), persistent poverty rural (n = 340), or other rural (n = 1712).
We used several other county-level variables related to cancer screening rates: the number of primary care providers per 1000 residents, 38 if a county had an obstetrics/gynecology provider or a gastroenterologist, 11, 38 the proportion of adults older than age 25 with at least a high school education (divided into quartiles), 39 and proportion working in whitecollar occupations (divided into quartiles). 39 We relied on Anderson's behavioral model for health services use for selection of the independent variables. 40 The predisposing characteristics included race/ethnicity (white, African American, Hispanic, other), sex, age group, and educational attainment (less than high school, high school diploma or some college, college graduate). The enabling resources included employment status, marriage status, language of the interview, income (expressed as a percentage of the federal poverty level), insurance status, a physical exam in the past 5 years, a usual source of medical care, and deferring medical care because of cost. The need factor was self-reported health status (excellent/very good/ good vs fair/poor).
Bivariate unadjusted analyses examined the characteristics of the respondents by county type. We next examined the rate of receipt of each of the services by county type. All differences in the distributions across county type were assessed using Wald chi-squares. Multivariate logistic regression analysis was used to determine the factors associated with the receipt of each service. Two models were run for each service; the first controlled for the predisposing, enabling, and need factors described above, whereas the second added the county-level variables. All statistical analyses were conducted using SAS (SAS, SAS Institute, Inc. Cary, NC, USA)callable SUDAAN (SUDAAN 10.0, 2008, RTI International, Inc., Research Triangle Park, NC, USA), to account for the weighting and complex sample design of the BRFSS.
Results
Overall, rural residents comprised 16.8% of the sample; residents of persistent poverty rural counties represented 2.0% of the sample (see Table 1 ). Residents in persistent poverty rural counties were more likely to be nonwhite, younger than 65 years old, in fair or poor health, unemployed, and uninsured; had less than a high school diploma; were not married; spoke English for the interview; deferred care because of cost; lacked a usual source of care; and reported lower incomes than other rural residents. Persistent poverty counties also had a lower primary care physicianto-resident ratio, were less likely to have an obstetrics/ gynecology provider or gastroenterologist, and had lower percentages of having a high school diploma, unemployment, and white-collar employment than other rural counties.
The unadjusted analysis showed that service delivery varied significantly by county type (see Table 2 ). In general, rural residents, particularly persistent poverty rural residents, were less likely to receive services than urban residents. Nearly one-fourth of women in persistent poverty rural counties did not report recommended mammography screening (24.1%) compared to 20.4% of other rural women and 17.2% of urban women. These rates also differed by race/ ethnicity; more white women reported not having a mammogram than African American women across all county types. African American women in either persistent poverty or other rural counties had lower screening rates than urban African American women but did not differ from each other.
More rural women did not receive cervical cancer screening (16.5%), particularly those in persistent poverty rural counties (17.9%), than urban women (14.4%). African American women in urban or other rural counties were more likely to have a screening; there were no race/ethnicity differences within persistent poverty rural counties.
More persistent poverty rural residents (60.6%) did not report a colorectal cancer screening than either other rural residents (56.6%) or urban residents (53.1%). Slightly more African Americans in urban and other rural counties reported a screening, whereas more Hispanics did not report a screening. The multivariate analysis identified factors that were significantly associated with the receipt of each service (see Table 3 ). For mammography screening, a significant interaction (P < .05) existed between county type and race/ethnicity; this interaction was tested by including a first-order interactive term in the model and noting the significance of the resulting t test statistic. The first model indicated a significant role of county type that differed by race/ethnicity. White and Hispanic residents living in persistent poverty rural counties were less likely to be screened that urban whites, whereas African Americans in these counties were more likely to be screened. The second model, which included county-level variables, had similar findings, except for a lack of significance among whites. Few of the county-level factors were significant predictors of screening. Report of a physical exam within the past 5 years was the single largest predictor of screening, with an odds ratio (OR) of 5.44 (95% confidence interval [CI], 5.07-5.84; see Table 3 ). Cervical cancer screening results were similar to breast cancer screening. The first model indicated African American women were more likely to be screened than urban whites but did not differ across county type. The second model found little change in the estimated odds; African American women in either persistent poverty rural or urban counties had lower odds of screening than other rural African Americans but were not different from each other. The added county variables also did not contribute significantly to the odds of screening. Similar to breast cancer screening, a physical exam within the past 5 years was the single largest predictor of screening (OR, 4.86; 95% CI, 4.47-5.28).
For colorectal cancer screening, no evidence of a significant interaction between county type and race/ethnicity was found. The first model indicated a significant effect by county type; residents in persistent poverty and other rural counties were less likely to be screened than urban residents. The second model, which included additional countylevel variables, also showed decreased odds for screening for persistent poverty rural residents, whereas those in other rural counties were not significantly different from urban residents. These county-level variables were not significantly associated with the odds of being screened. Report of a physical exam within the past 5 years was the single largest predictor of screening, with an odds ratio of 3.46 (95% CI, 3.23-3.70).
Discussion
The purpose of this analysis was to examine the hypothesis that residents of persistent poverty rural counties were less likely to obtain recommended cancer screenings. We found that residing in a persistent poverty rural county was a contributor to service use, even after controlling for factors related to service delivery.
African American women in persistent poverty rural counties were more likely to report mammography screenings than those in other counties, whereas the reverse trend was found among Hispanic women. For cervical cancer screening, African American women in persistent poverty rural counties were less likely to be screened than those in other rural counties. Among Hispanic women, no differences in cervical cancer screening were found in rural counties. These differences highlight the significant interaction between race/ethnicity and county type and the need to be aware of such interactions when developing targeted and tailored interventions to improve cancer-preventive service utilization and behaviors.
Also, it is important to note that the unadjusted rates of mammography and cervical cancer screenings for African American women in persistent poverty rural counties were lower than urban white women, yet the adjusted rates were higher. This may be explained by lower rates of usual source of care and health insurance and the higher rates of delayed care found among persistent poverty rural residents (see Table 1 ). Evidence also indicates that African Americans were less likely to be insured and have a usual source of care and thus tended to report higher rates of delayed care compared with whites. 41 Therefore, adjusting for these 3 factors in the multivariate analyses could have led to the improved likelihood of being screened among African Americans in persistent poverty rural counties.
These results are interesting, given the apparent success of mammography screening across county types among African American women. These results contradict findings from the 2007 National Healthcare Disparities Report, which found that African American women were less likely to receive a mammogram. 41 Our study does confirm other study findings, some of which used the BRFSS and others that used primary data collection methods. 42, 43 It is unclear why the results from these studies may differ, but further research would be warranted to identify more accurately the service delivery rates experienced by nonwhite women. Given the number of programs and services specifically targeting underserved and minority women, especially those with lower incomes, these results are, however, within the realm of credulity. [44] [45] [46] [47] [48] [49] [50] For colorectal cancer screenings, those in persistent poverty rural counties and nonwhites except for African Americans were at higher risk for not receiving services. Programs such as the Centers for Disease Control and Prevention's Screen for Life program are raising awareness of the need for screenings, yet much still needs to be done to improve access to such services and to aide low-income or uninsured populations' ability to pay for such services. Given the success of mammography and cervical cancer screening, it would be useful to use these programs and interventions as models for other screenings. 49, 51 Although more attention is being paid to colorectal cancer screenings, particularly among nonwhites, more needs to be done to ensure it reaches low-income populations and areas.
This analysis, although finding significant differences across county types and race/ethnicity, was not able to take into account all known factors to affect health care service delivery. Patient perceptions and preferences for cancer screening were not captured. Studies indicate race/ethnicity, gender, age, and even geographic location all affect health care-seeking attitudes. [52] [53] [54] Intangible factors, such as racism or discrimination, may also play a role in service delivery, particular for minority and low-income populations. 55 Knowledge regarding these factors would be helpful in designing successful interventions aimed toward increased service delivery.
This study does have several limitations. First the crosssectional design of the study limits our ability to examine causal relationships among the factors of interest. Also, the data are derived from a landline-based phone survey, and minority, young, and low-income populations are disproportionately represented in nonlandline telephone households. 56 Also, self-reported information regarding health care utilization has the potential for recall bias, with respondents reporting service delivery unable to be verified because of a lack of claims or clinical data. 57 In conclusion, this analysis found a significant interaction between county type and race/ethnicity. The fact that African American women were more likely to be screened for breast and cervical cancer than white women, even in persistent poverty counties, indicates successful implementation of targeted screening programs. However, the lower odds among whites and Hispanics indicate such programs should be expanded to improve cancer-preventive care delivery among all women. The low screening rates for colorectal cancer screening require further attention, across both race/ethnicity and type of county.
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